Background: Suicidal ideation (SI) is an associated risk of depression, affecting 30-40% of the depressed population. However, there is a paucity of studies investigating the impact of SI in Europe. This retrospective observational study examined the burden of SI among adults with major depressive disorder (MDD) in the 2017 National Health and Wellness Survey in five European countries: France, Germany, Italy, Spain, and the UK.
Introduction
The societal burden of depression is further complicated by its association with suicidal ideation (SI). 1 SI is undertreated and carries social stigma, thereby affecting effective screening and management. 1, 2 According to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), major depressive disorder (MDD) is a combination of five or more symptoms, with at least one of the symptoms being depressed mood or anhedonia. 3 These symptoms must be continuously present for at least 2 weeks; and cause distress and/or functional impairment in employment, social relationships, or other major life domains and social roles. MDD is a severe recurring illness accompanying depressed mood, state of guilt, low self-esteem, loss of interest, poor concentration, troubled sleep or appetite, and risk of suicide.
(EU), MDD is the most common psychiatric condition, with a lifetime prevalence of 12.8%. 8 Approximately 30-40% of MDD patients experience SI. 9 A survey of 17 countries estimated SI prevalence in the general population as 9.2%. 10 Although there is evidence that SI risk factors may vary slightly by age group, 11 some of the major risk factors associated with SI are being female, younger, and divorced or widowed. 12 Pre-existing or coexisting health conditions, such as depressive disorders (major and bipolar), stroke, and cognitive impairment, are also important predictors for suicide, especially among younger adults. 12, 13 There is a strong connection between SI and healthrelated quality of life (HRQoL). A South Korean crosssectional study found that each one-unit increase in HRQoL (as measured by the Euro-QoL-5 Dimensions [EQ-5D] Index score) was associated with 70% lower odds of SI among psychiatric center outpatients with MDD. 14 In the PATH survey between 1999 and 2019, an Australian longitudinal study, individuals with SI (vs no SI) had poorer physical and mental HRQoL over the 8-year study period. 15 In a US survey with a large cohort, higher levels of SI were associated with significantly lower scores for HRQoL compared with patients reporting no SI. 16 SI and suicide are also linked to a substantial impairment of work productivity and a high economic burden. Depressive episodes and SI have consistently impacted absenteeism and presenteeism in the working population. 17 In 2000, the suicide-related cost of $5.4 billion and workplace cost (absenteeism and presenteeism) of $51.5 billion contributed to 7% and 62%, respectively, of the increased economic burden of depression ($83.1 billion). 18 Evidently, absenteeism and presenteeism have increasingly contributed to impairments in work productivity. In the USA, the national cost of fatal and non-fatal suicidal injuries had alone incurred an increased cost of $58 billion in 2013, and work productivity losses contributed 97% to this annual cost. 19 Screening for MDD has been unequivocally suggested by community preventive services task forces and other institutions to reduce the clinical morbidity attributed to this condition. 20 Given the well-established link between depression and suicide, implementation of screening in primary care may potentially have the benefit of facilitating diagnosis and treatment for MDD patients, especially those with SI. Such an approach would be particularly timely in the European region, with six European nations ranking among the top 20 for highest rates of suicide globally. 21 However, there are few studies that have investigated the multifaceted burden attributed to SI in the European region, and greater clarification on this important issue is warranted. In high-income countries (France, Germany, Italy, Spain, and the UK), suicidal mortality rates are still medium to high 22 with more than 90% of cases having MDD. 10 We hypothesize that in Europe there is an additional burden to patients with depression associated with SI, which, if identified, could be used to promote and establish improved disease prevention and management. The aim of the current study was to examine the health and economic burden of SI severity among adults with MDD in five countries in Europe: France, Germany, Italy, Spain, and the UK.
Methods

Data source
This retrospective observational study was based on subjects enrolled in the National Health and Wellness Survey (NHWS) 2017, which was conducted in five European countries: France, Germany, Italy, Spain, and the UK. The NHWS is s self-administered general health survey of the adult population (aged ≥18 years) administered via the Internet and designed to reflect the health of the general population of each country. The study was reviewed and approved by the Pearl Institutional Review Board (Indianapolis, IN, USA). Informed consent was provided by all respondents. MDD patients were classified based on the following inclusion criteria: 1) self-reported depression in the past 12 months, 2) self-reported physician diagnosis for depression (ever), and 3) self-reported current use of one or more medication for depression (i.e., monoamine oxidase inhibitor [ ). Patients were excluded if they had a self-reported physician diagnosis of (coexisting) bipolar disease or schizophrenia or a positive screen on the Mood Disorder Questionnaire, or were currently using a monotherapy (ie, an anticonvulsant, atypical or typical antipsychotic, benzodiazepine, lithium, or atryptophan). 23 Patients with SI were identified as having moderately severe to severe depressive symptoms based on the nine-item validated scale using a 2-week recall period Patient Health Questionnaire (PHQ-9) and a score of 15 or higher. 24 Kroenke et al 24 showed that scores ≥15 had a high specificity and positive predictive value, and "signify the presence of major depression". A score of 2 or more on the PHQ-9 question: "Over the past 2 weeks, how often have you been bothered by thoughts that you would be better off dead or of hurting yourself in some way?" ("Not at all"=0; "Several days"=1; "More than half of the days"=2; "Nearly every day"=3) was used to classify respondents as having no, low, moderate, or high SI, respectively, with non-SI (nSI) patients identified as all the MDD patients who were not in the SI subset ( Figure S1 ).
Demographics and health characteristics
Demographic variables included age, gender, marital status (married/living with a partner vs not married), education (university degree vs less), and annual household income (low <20,000 € or £, medium ≥20,000 and <40,000 € or £, high 40,000+ € or £, or declined to answer). NHWS respondents provided data on body mass index (BMI), smoking status, alcohol use, and exercise behavior for health characteristics. Information was collected according to country of residence.
Depression-specific characteristics
Depression-specific variables for examination included family history of depression (yes or no), length of diagnosis (calculated by year of diagnosis, relative to year of the survey; <1 year vs 1-3 years vs 3-5 years vs >5 years), participation in talking therapy (yes or no), anxiety, SI, and current classes of MDD medications.
Comorbidities
The Charlson Comorbidity Index (CCI) was used to measure the burden of comorbidities. 25 Specific physical comorbidities were also assessed, including a self-reported diagnosis of anemia, arrhythmia, cancer, chronic heart failure, chronic kidney disease, diabetes (type 1 or 2), hepatitis (A, B, or C), hypertension, and rheumatoid arthritis.
Health status and HRQoL
Health status was assessed using the EuroQoL-5 Dimensions, 5-level (EQ-5D-5L) questionnaire examining mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, with levels representing an increasing degree of severity of health status. 26, 27 
Work productivity and activity impairment
The Work Productivity and Activity Impairment (WPAI) questionnaire was used to assess work productivity loss among employed respondents and activity impairment among all respondents in the past week, as presenteeism (reduced productivity while at work), absenteeism (time absent from work), overall work productivity impairment (a combination of presenteeism and absenteeism), and activity impairment. 30 WPAI scores represent the percentage of time impaired in the past week. 
Healthcare resource utilization (HRU)
Statistical analysis
Means and SDs (continuous variables) and frequencies and percentages (categorical variables) were reported for all study variables separately by country. Bivariate analyses were performed to evaluate differences between respondents with MDD by level of SI severity in demographic characteristics, comorbidities, self-reported HRQoL, WPAI, and HRU. Chi-squared tests were used to examine differences between groups on categorical variables, with ANOVA tests to evaluate group differences on continuous variables. Generalized linear models (GLMs) were used to examine group differences, controlling for relevant confounds, separately by country. All models were adjusted for sociodemographic (gender, age, country, marital status, education, household income, employment status) and health status (BMI, exercise, alcohol use, smoking status, CCI) variables. For the GLMs, a normal distribution with an identity function and a negative binomial distribution with a log-link function were specified for normally distributed and positively skewed outcome variables, respectively. The p-values <0.05 (two-tailed) were considered to be statistically significant for the multivariable analyses. Adjusted differences (ADs), relative risks (RRs), or odds ratios (ORs) and 95% CIs for SI and nSI patients versus the general population were calculated, as well as estimated marginal means and 95% CIs for each group on all outcomes.
Results
Demographic and clinical characteristics
The present study, with a total of 52,060 respondents, identified adult patients diagnosed with MDD (n=3,308), comprising SI (n=905) and nSI (n=2,403) patients, compared to healthy controls (n=48,752). Symptoms of MDD were reported across Europe (France, n=513; Germany, n=824; Italy, n=287; Spain, n=264; and UK, n=1,420). The baseline demographic and clinical characteristics among SI, nSI, and general population groups are shown in Table 1 . The MDD population (with SI or nSI) was less likely to have a university education, be employed, or be married/living with a partner compared to the healthy group. Those in the MDD population were more likely to be obese, smokers, with high alcohol intake, and with a predominantly less active lifestyle and higher CCI than the healthy respondents. Within the MDD population, the SI group had a significantly higher incidence of anemia (p=0.002), rheumatoid arthritis (p≤0.001), and HIV/AIDS (p=0.007) than the nSI group. Compared to the general population, hypertension, diabetes, anemia, rheumatoid arthritis, chronic kidney disease, and chronic heart failure were more prevalent in SI and nSI patients (all p≤0.001).
Depression-related characteristics
Depression-related characteristics were comparable among SI and nSI respondents for family history of depression, and use of depression medication, such as TeCA/TCA, and potential augmentation/combination medications such as benzodiazepine, antipsychotics, NDRI/NRI, and MAOI/ RIMA (Table 2) . However, compared to nSI, SI patients more frequently reported participation in talking therapy (p≤0.001). Between 82% and 84% of adult patients with MDD who had a PHQ-9 ≥15 across countries had some degree of SI, and 57% reported moderate to severe SI (range 45-65%) (Figure 1 ).
HRQoL
The absolute differences for HRQoL among SI and nSI respondents compared to general population controls were obtained after adjusting for demographics and health characteristics (Table 3 ). Both the SI and nSI groups had significantly poorer health status compared to the general population (EQ-5D Index, −0.34 and −0.15 for SI and nSI, respectively, both p≤0.001 vs general population). SI patients reported significantly lower scores than the gen- (Table S1 ).
WPAI
Higher absenteeism (RR: 5.06; 95% CI 4.56 to 5.63), presenteeism (RR: 2.67; 95% CI 2.38 to 3.00), work productivity impairment (RR: 2.91; 95% CI 2.62 to 3.23), and activity impairment (RR: 2.53; 95% CI 2.37 to 2.71) were associated with the SI population compared to the nSI population (Figure 2A) , with a considerably higher relative risk than the general population. WPAI scores were similar across Europe for SI patients compared to nSI patients, except for absenteeism, which was observed to be higher in France, Germany, and the UK. Compared to the general population, SI in all five European countries resulted in comparable work productivity loss and activity impairment (Table S2) . Figure 2B ). HRU for the SI and nSI population was higher compared to the general population. The SI population was associated with generally higher HRU than nSI across all five European countries, with statistically significant differences between the SI or nSI populations compared to the general population for each HRU outcome (Table S3 ).
Discussion
The current multinational study reports the burden of SI by assessing the health and healthcare resource burden across five European countries. Upon comparing SI patients to nSI and general population controls (without a diagnosis of depression), SI was found to be associated with severe depressive symptoms. Furthermore, SI has significant impacts on health status, quality of life, productivity impairment, and HRU. In the present study, poorer health behaviors and health status, compounded by comorbidities including hypertension, diabetes, anemia, rheumatoid arthritis, chronic kidney disease, and HIV/AIDS, were much more prevalent in the MDD population than in generally healthy respondents. Furthermore, rheumatoid arthritis was more prevalent for SI than for nSI patients within the MDD population. Prior studies have reported similar observations on the association of SI with clinical characteristics such as comorbidities, [31] [32] [33] obesity, 34 smoking, 35 and alcohol status. Abbreviations: MAOI, monoamine oxidase inhibitor; NaSSA, noradrenergic and specific serotonergic antidepressant; NDRI, norepinephrine-dopamine reuptake inhibitor; NRI, norepinephrine reuptake inhibitor; nSI, non-suicidal ideation; RIMA, reversible inhibitor of monoamine oxidase A; SI, suicidal ideation; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant; TeCA, tetracyclic antidepressant. After adjusting for demographics and health characteristics, compared to the nSI patients and general population, SI group respondents had significantly lower HRQoL, including EQ-5D Index, EQ-VAS, MCS, PCS, and SF-12 components. A previous cross-sectional study in an elderly population showed similar lowered EQ-5D and EQ-VAS being more prevalent in those with SI. 37 Moreover, cross-sectional and multicenter studies have also shown comparable lower MCS, PCS, and SF-12 scores to be strongly associated with suicidality. 14, 38, 39 Work productivity losses were generally found to be higher in SI respondents than in the nSI and general population controls. The relative risk of absenteeism for SI was about 1.8-fold and 5-fold higher compared to the nSI and general population, respectively. In our study, work-related productivity losses were comparable across Europe. While presenteeism, work productivity impairment, and activity impairment were higher for the SI population, absenteeism was associated with a much greater relative risk for SI than for nSI patients and the general population. Previous studies have reported absenteeism being attributable to depression, similar to our results. It has also been suggested that the persistence of workrelated stress-induced depression may lead to suicidality. 17, 40 SI patients were consistently associated with higher HRU parameters compared to nSI patients and the general population, including the numbers of HCP and family practitioner visits, which were considerably higher compared to the general population. The relative risk associated with HCP visits for SI patients was about 1.4-fold and 7.8-fold higher compared to the nSI and general population, respectively. The relative risk associated with family practitioner visits for SI patients was about 1.2-fold and 3.8-fold higher compared to the nSI and general population, respectively. SI patients showed notable differences in France and Germany for HCP visits and in the UK for family practitioner visits compared to nSI patients and the general population. However, less difference was noticed for hospitalization and ER visits across all the countries between SI, nSI, and the general population.
Although interventions for depression have been explored and typically related to cost-effectiveness, such studies for suicidality are limited. 41 A prospective cohort study showed that cost and burden were significant for SI patients utilizing emergency department resources. 42 According to a US retrospective analysis including 39,557 MDD patients, the discontinuation and resumption of antidepressant treatment had incurred the highest healthcare cost. 43 In the EU region in particular, insufficient funding and unavailability of mental health professionals are considered to be common barriers to accessing mental health services. 44, 45 The gap in care is further illustrated by approximately one-third of the European population experiencing some form of mental disorder, for which only about half of individuals receive treatment. 46 Currently, pharmacological and nonpharmacological strategies are available to attenuate the physical, cognitive and psychosocial impairments related to major depression. [47] [48] [49] [50] Antidepressants are widely used and include various classes of first-and secondgeneration medications, with varying efficacy and acceptability or treatment discontinuation over time. 51 Nonpharmacological treatments, such as psychotherapy, repetitive transcranial magnetic stimulation, electroconvulsive treatment, and meditative movements, alone or in conjunction with pharmacological treatments, have been demonstrated as advantageous in the patient's long-term care. [48] [49] [50] 52 Investment in care that includes early recognition of this disabling condition can thus reduce the disability and the consequent burden of disease. 45 
Strengths and limitations
The notable strengths of the study include the relatively large sample size to estimate the burden of disease across several European cities and the survey-specific information available to identify at-risk patients and their burden. However, the present study also has a few limitations that should be considered when interpreting the results. First, MDD is defined using self-reported data and could not be objectively confirmed via claims data, electronic medical records, or another independent source. Thus, findings may be influenced by any inaccuracies in participants' recall about diagnoses, medications taken, and other study variables. Second, the cross-sectional design of the study precludes the ability to infer causality from the results or to ascertain whether the relationships between study variables change over time. Third, as this was a retrospective study of pre-existing data, only those variables collected in the NHWS were included in the analyses. Therefore, we cannot rule out the possibility that variables not included in the study may be relevant to explaining the observed pattern of findings.
Conclusion
SI patients had significantly poorer HRQoL, greater work productivity loss and activity impairment, and higher HRU compared to nSI patients and the general population. The results illustrate the unique impact that SI has within the MDD population by further affecting HRQoL, work and activity loss, and HRU across Europe. A better, more effective mode of treatment is needed to reduce the economic and humanistic burden experienced by the SI patients. Figure S1
Percentage of patients with major depressive disorder at risk for suicidal ideation. Abbreviations: ER, emergency room; HCP, healthcare professional; nSI, non-suicidal ideation; SI, suicidal ideation.
